Background: The incidence and mortality of Colorectal Cancer (CRC) in North Dakota (ND) areamong the highest in the United States (US). In addition, screening rates for CRC in ND have remained consistently lower than that of the nation in recent years. This study aims to (1) determine the predictors of non-screening of CRC;(2) compare the prevalence of self-reported CRC screening among ND and US populations; and (3) identify the high-risk geographical areas for possible future CRC prevention initiatives.
Introduction
Colorectal Cancer (CRC) is one of the leading causes of cancerrelated mortality in the United States. It ranks second to breast cancer in women and lung cancer in men [1] . In 2017 alone, there are expected to be 135,540 new cases of CRC [2] . Additionally, there will be an expected 50,260 deaths in 2017 due to CRC comprising of 8.4% of all cancer-related deaths.The risk of CRC is higher in men (1 in 21 men will be diagnosed as compared to 1 in 23 women), it affects both genders significantly [2] . CRC has a tremendous financial impact on the patients, their families and the whole society. In the year 2010, roughly$14 billion were spent on direct medical costs of CRC in the US [3] .Effective screening detects pre-cancerous or early cancerous lesions which could be effectively treated [4] . Preventative screening for CRC can reduce the cancer-related death by almost 50% in these patients [4] . The United States Preventive Services Task Force (USPTF) recommends that women and men ages 50 to 75 either receive a Fecal Occult Blood Test (FOBT) each year, receive a sigmoidoscopy every 5-years and a FOBT every 3 years each, or receive a colonoscopy every 10 year [5] . On average, people with higher education and income are more likely to be screened for CRC [4] . However, screening rates for CRC was only 63% in 2015 in the US [2] [3] [4] 6] . Barriers to CRC screening include embarrassment and fear of invasive procedures, a lack of awareness of screening, a lack of awareness about CRC at all, a lack of access to healthcare services in general, a lack of financial resources and/or health insurance, and lack of a health care provider [7] [8] . The National Colorectal Cancer Roundtable (NCCRT), a coalition of over 1500 organizations, has set forth an ambitious target to reach screening rate of 80% in the U.S. by 2018 called "80 by 2018 initiative" [9] . To attain this goal, the NCCRT has planned to motivate patients to consider screening, create key partnerships with community health centers, improve access to screening, and accurately evaluate the progress of the initiative and its success [9] . If the NCCRT reach its goal, an estimated 277,000 CRC cases and 203,000 CRC-related deaths can be prevented by 2030 [9] .
Rates of CRC screening vary among different regions being lower in the West and South, and higher in the Midwest and East regions of the US [4] . Rural regions often face more barriers to health care access in general as well as barriers to screening [7] . According to a study in 2015 which evaluated the differences between CRC screening rates in rural and urban Nebraska, rural residents were less likely to be up to date on their CRC screenings as well as less likely to have ever undergone a CRC screening procedure such as an FOBT, a sigmoidoscopy, or a colonoscopy at all [7] . Reducing these barriers to screening is much more difficult in rural regions, as rural residents are already suffering more disadvantages and are typically more vulnerable populations than those in urban regions [7] . North Dakota (ND) is considered as a rural state of the U.S.ND had one of the lowest rates in the United States in 2016 at 61.8%, with the lowest screening rate being only 56.8% in Wyoming [10] . Over the years, ND's CRC screening rate has seen a plateau while several other states' screening rates have been improving [10] . According to America's Health Rankings by the United Health Foundation, ND is ranked 38 out of the 50 states in regards to CRC screening rates [10] . Studying the potential reasons for this low screening rate would aid in helping ND to adjust its screening programs and awareness programs so as to reach more residents and improve CRC health outcomes.In ND, the screening rate for individuals 50 years or younger, for individuals between 50 and 64 years of age, and for individuals' ages 65 years and older is 63.3%, 56.8% and 73.1%, respectively [10] . These statistics comes to a surprise as screening rates for individuals <50 years and >65 years are higher than the statewide average [10] . However, the screening rate for individuals' ages 50-64 years is 5% below that of the statewide average [10] . This age group would benefit most from awareness campaigns as well as public health intervention and targeted screening programs.
North Dakota (ND) had the highest incidence of CRC (56.9 per 100,000 population) in the United States according to the 2007 Center for Disease Control and Prevention (CDC) report [11] . Though, barriers contributing to poor screening have been studied at the national level, individual state level studies are rare [12] [13] [14] [15] . In this article, we aim to identify the potential factors responsible for the poor screening rate and high incidence of CRC in ND. Assessing the barriers within a rural state such as ND and comparing these to that of the U.S. as a whole would shed some much-needed light on the intricacies plaguing the low screening rates in ND as well as possibly point in the direction of areas of weakness which could benefit from policy development or public health programs.
Materials and Methods
We utilized the 2010 Behavioral Risk Factor Surveillance System (BRFSS) to find the predictors which could affect the CRC screening for the state of ND and the remaining 49 states.BRFSS is the largest continuously conducted health survey system in the world and is the database of health-related telephone surveys collectingdata of the non-institutionalized US residents regarding their chronic health conditions, health-related risk behaviors, and use of preventative services [16] .
We used the CRC screening recommendation guidelines provided by USPSTF, CDC and American Cancer Society (ACS). We used data from 232,429 adults aged between 50 to 75 years from the 2010 BRFSS survey to identify the rate of CRC screening either by using a high-sensitivity fecal occult blood test (FOBT), sigmoidoscopy, or colonoscopy ( Figure 1 ). We computed frequencies as well as adjusted odds ratios (aORs) and 95% confidence intervals (CIs) using Surveyfreq and Surveylogistic procedures. Statistical software SAS v.9.3 (SAS Institute, Cary, NC) was used to analyze the data in a manner that accounts for the BRFSS's complex sample survey design. Out of 232,429 adult respondents, 2,445 individuals were from ND and 229,984 were from the rest of the US. Characteristics of the US and ND populations are noted in (Tables 1, 2) .Individuals who had never received CRC screening were again stratified into two groups: 50-64-year old and 65-75-year-old individuals. These individuals were then grouped based on ethnicity as White, American Indian, Alaskan Native (AIAN), Black, Asian, Hawaiian and Latino (BAHL). Education categories included less than high school graduate (never attended school or only kindergarten, elementary [grade [1] [2] [3] [4] [5] [6] [7] [8] , and some high school [grade 9-11], high school graduate, some college or technical school (1-3 years) and college graduate. Health status was divided into two groups: excellent/very good/good, and fair/poor. Weight was stratified according to Body Mass Index (BMI) and divided into three groups: normal (a BMI of 18.5 to 24.99), overweight (a BMI of 25 to 29.99) and obese (a BMI over 30). Individuals with either any health insurance, prepaid plans (health maintenance organizations-HMOs) or government plans were considered as insured and the rest as not insured. Employment status was defined as employed, student/homemaker, retired/unable to work or not employed. Figure 2 depicts the counties in the U.S. with the highest risk for CRC. Knowledge of these high-risk locations helps to indicate areas with opportunity for specific prevention programs which 
Results and Discussion
The prevalence of screening for CRC was significantly lower among North Dakotans than the rest of the US population (32% vs. 37% respectively; p<0.0001). Demographic characteristics of ND and the U.S. populations are shownin Tables 1, 2 .The most significant potential indicators of non-screening for CRC in ND included age, education level, sex, health insurance, employment, and access to a personal doctor. North Dakotans aged 50 to 64 years were more likely to report no screening for CRC than their US-wide counterparts (38% vs. 32% respectively; p< 0.0001). ND men were more likely to report not screening for CRC than U.S. men overall (35% vs. 29% respectively; p< 0.0001). Overall, those without health insurance were less likely to report CRC screening (ND: 62% vs. US: 57%). Adjusting for age, race, gender, education, marital status, employment, BMI, having a personal doctor, health insurance, and general health status, ND individuals were significantly less likely to report CRC screening (aOR=0.74; 95% CI [0.66-0.83]) than the US respondents.
CRC screening in the US is well below the national target [18] .
Though the screening rate has improved over the last two decades, a significant gap between the actual and target rates persists [19] . Rural areas are traditionally associated with low CRC screening rates [10] . Given the high incidence of CRC and being a rural state, we decided to compare the CRC screening in North Dakota and compare with the rest of the US. ND was one of the states with the most extreme shortage of primary care physicians with only 40 community hospitals in 2013 [20, 21] .
The rural location is at inherent limitation and poses a distinct challenge for preventative screening procedures. Ideally, measures to improve screening rates are targeted at all levels including the provider, practice, and patient. The physician workforce remains an integral part of this effort. Directing medical schools that train physicians with an emphasis on family practice targeted towards the rural mission as well asrecruiting physicians who have ties within local rural communities might help to overcome the large shortage of workforce in these areas [22] [23] [24] [25] . Granting advanced nurse practitioners with a higher degree of autonomy, especially in medically-underserved areas with physician scarcity could decrease this shortage [26] . Using Electronic Health Records (EHR) to set up reminders and communicate clinician feedback, along with the use of personalized remote cancer risk communication, culturally acceptable navigation plans, defined clear goals, and outreach via telephone and mailed letter communication could improve the adherence and increase rates of CRC [27] [28] [29] [30] .
Among the patient-related barriers, the absence of health insurance has a significant correlation with screening rates [31] . Though FOBT is relatively inexpensive and has an advantage of self-screening, it has low sensitivity and specificity [32, 33] . On the contrary, sigmoidoscopy and colonoscopy have better sensitivity and specificity, but are expensive [34] . In addition to high out-ofpocket costs, these factors might decrease the rate of screening colonoscopies which could have significant consequences on CRC-related mortality [35] .
One of our study's strengths is the inclusion of a large sample size. Furthermore, information including confounding variables that could potentially affect colorectal screening helps in identification of factors that could be addressedand modified in the future. Additionally, this study also focuses on the counties at risk throughout the US that could help guide policy directed towards vulnerable areas. Lastly, to our knowledge there are no other studies which focus on barriers to screening in a rural state and then compare these to the U.S. as a whole, as well as look at county information in the US. Rural populations are frequently understudied, and the results of this study can benefit people within underserved and vulnerable populations in the rural United States.
There are some limitations of our study worth to mention. BRFSS is based on non-institutionalized adults and not on patient-based data. However, as screening involves adults without symptoms, this might not be very significant. Given that the random telephonic survey, its study design is cross-sectional and hence, causality cannot be determined. Given the data which was collected over the telephone, adults without access to a telephone or cell phone were excluded. It was limited to adults speaking English or Spanish. There is a possibility of recall bias and measurement bias. Data for counties with low population were not available. Missing data could limit our study interpretation. Respondents might not give the information in entirety during the self-reporting telephonic conversation, which might lead to questions of the reliability and validity of the data. However, the high sample size of this database might offset this issue.
Conclusions
The study of non-screening rates in patients with CRC at the state level in comparison with the US gives a unique opportunity to identify possible areas of improvement. Availability of countylevel information helps to direct screening strategies towards high-risk areas. Targeting at-risk populations with high incidence, mortality, and non-screening rates, especially in rural counties, could contribute significantly to aid in improving screening rates. Factors such as unemployment, less than high school education, and lack of personal doctor and health insurance are the potential predictors of non-screening for CRC.
Future studies should target the high-risk counties identified in this study in order to develop effective and customized prevention initiatives in these areas. Additionally, future studies investigating for other potential indicators of non-screening for CRC will help to broaden the literature base and guide future policymaking and public health interventions.
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